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Pyruvate dehydrogenase complex (PDHC) deficiency is a rare metabolic disorder that affects tissues with high energy demand such as the central nervous system. PDH complex comprises five major components: Pyruvate dehydrogenase (E1), dihydrolipoyl transacetylase (E2), dihydrolipoamide dehydrogenase (E3), and two regulatory enzymes, namely, pyruvate dehydrogenase phosphatase and pyruvate dehydrogenase kinase.\[[@ref1]\] PDH serves as a link between glycolysis and the tricarboxylic acid cycle. Any defect in PDHC results in decreased acetyl-CoA synthesis and accumulation of pyruvate and lactate, causing metabolic acidosis.

The majority of PDHC deficiencies result from mutations in the X-linked pyruvate dehydrogenase (E1) α subunit gene (PDHA1).\[[@ref2]\] The E1 subunit is known to contain a thiamine pyrophosphate (TPP) binding site. Certain mutations outside the TPP binding site such as H44R, R88S, G89S, R263G, and V389fs and within the TPP-binding site such as A1 99 T, F2 0 5L, M21 0V, W214R, and P217L are associated with good response to thiamine treatment.\[[@ref3]\]

We report a 9-month-old infant with persistent lactic acidosis and a rapidly progressive Leigh\'s disease. He harbored a pathological mutation in E1α subunit of PDHC gene and showed an initial response to high dose thiamine supplementation and ketogenic diet.

C[ASE]{.smallcaps} R[EPORT]{.smallcaps} {#sec1-2}
=======================================

A 9-month-old boy, second issue of nonconsanguineous parents, presented with recurrent regression of milestones. Birth history and the neonatal period were uneventful. At the age of 4½ months, he had an episode of lethargy, and listlessness following a minor febrile illness. During this illness, he lost his previous abilities of partial head control and social smile only to regain them back by 6 months of age. Similar episodes of regression lasting 7--10 days reoccurred at 7 months and 8½ months of age. These episodes were preceded by abnormal labored breathing and mild fever. At 8 months of age, he developed an isolated episode of apnea and cyanosis while sleeping which resolved on its own within minutes. Parents felt that the child was floppy and had difficulty in swallowing and chewing semisolid feeds. There was no history of seizures or dystonic posturing of limbs. His best-attained milestones were partial head control and social smile.

On examination, he had microcephaly (head circumference = 40.5 cm; \<−3 standard deviation \[SD\]) and failure to thrive (Weight: 7.2 kg \[at −2 SD\]; Length: 67.5 cm \[at −2 SD\]). Cranial nerves examination, vision and hearing, were normal. Fundus was unremarkable. Both axial and appendicular tone was decreased with persistent fisting and hyporeflexia. There were no extrapyramidal signs. Serum biochemistry revealed persistent lactic acidemia on multiple occasions with arterial lactate levels ranging between 5.8 and 10.4 mmol/L (reference range \<2.5 mmol/L). Cerebrospinal fluid analysis showed elevated lactate (10.5 mmol/L \[reference range 1.1--2.4 mmol/L\]); normal protein (14.4 mg/dl) and sugar (56 mg/dl). Pyruvate levels could not be obtained. Serum ammonia was elevated (254 mg/dl), Blood gases revealed high anion gap metabolic acidosis. Hemogram, liver function tests, renal function tests, and blood sugars were within normal limits. Endocrine workup including thyroid stimulating hormone, cortisol, parathyroid, and Vitamin D levels were normal. Tandem mass spectrometry of blood did not reveal any abnormality. Urine gas chromatography-mass spectrometry showed elevated lactate. Electrocardiograph and Echocardiogram were insignificant.

Magnetic resonance imaging (MRI) of the brain was performed twice on 1.5 tesla MRI scanner. MRI brain at 4 months of age was unremarkable except for a mild paucity of white matter. However, the second imaging performed at 9 months of age revealed bilateral T2/fluid attenuated inverse recovery hyperintense globus pallidus and substantia nigra \[[Figure 1](#F1){ref-type="fig"}\] suggestive of Leigh\'s disease. A prominent lactate doublet with a mild decrease in NAA:Cr ratio was observed on spectroscopy.

![Axial T2 (a and c) and fluid attenuation inversion recovery (b and d) magnetic resonance images showing hyperintensity in the globus pallidus (white arrow in a and black arrow in b) and substantia nigra (black arrow in c and white arrow in d)](JPN-12-265-g001){#F1}

Polymerase chain reaction amplification of all coding exons and intronic flanking regions of PDHA1 gene was performed on genomic DNA of the patient. Direct sequencing of amplification products was performed in both forward and reverse directions, using automated fluorescence dideoxy sequencing method (ABI3730 platform with the software sequence scanner, and codon aligner). It revealed a homozygous missense mutation c.131A\>G or p.H44R in exon 3 of PDHA1 gene. H44R is a known pathological mutation.\[[@ref4]\] Genetic testing of parents could not be performed. Since H44R mutation has been previously described as thiamine-responsive so a high dose thiamine supplementation (500 mg/day) was initiated along with riboflavin, coenzyme Q, and carnitine.\[[@ref4]\] At 5 months follow-up (14 months of age), no further episodes of encephalopathy occurred. There was a gain in previously lost milestones. The child achieved transient sitting with support and babbling. He was able to grasp objects, roll prone to supine, smile at a mirror image, and developed stranger anxiety. At 15 months of age, he was also started on a ketogenic diet on which he was on an improving course. However, at 21 months of age, the child had a sudden unexpected death. He was found dead at night in his crib in a pool of vomitus. An autopsy could not be performed.

D[ISCUSSION]{.smallcaps} {#sec1-3}
========================

PDHC deficiency is the most common biochemically proven cause of congenital lactic acidosis.\[[@ref5]\] It is a heterogeneous disorder with broadly three clinical forms: Early neonatal form with severe lactic acidosis at birth and death in the neonatal period, an infantile form with moderate lactic acidosis but with severe psychomotor retardation and a late onset form with mild lactic acidosis, episodic ataxia, and mild developmental delay.\[[@ref6]\] In a recent review of all published cases of PDHC deficiency between 1970 and 2010, 56.6% of cases were because of mutations in the E1α subunit.\[[@ref2]\]

Clinico-radiological phenotype of Leigh\'s disease is seen in 27% of cases of PDHC deficiency.\[[@ref2]\] Previous researchers have shown that certain mutations in the X-linked PDHA1 gene cause decreased affinity of PDHC for TPP and a consequent defective enzymatic activation. Such cases may show a good response to thiamine supplementation, especially at a high dose. H44R mutation in the PDHA1 gene in the index child is among the five mutations associated with a favorable response to thiamine.\[[@ref3]\] Thiamine supplementation in the index child not only prevented further episodes of encephalopathy but also allowed the child to rapidly gain new milestones.

Current therapies found useful in PDH deficiency include the activation of residual PDH with dichloroacetate, the administration of cofactors such as thiamine and lipoic acid, and ketogenic diet. The clinical phenotype and choice of therapy may depend on the site and type of underlying mutation.\[[@ref7]\] Some reports in the literature have shown a good response to thiamine supplementation in a subset of children with PDHC deficiency.\[[@ref1][@ref3][@ref6][@ref8]\] Most of these cases were assumed to have or indeed had specific mutations in the E1α subunit interfering the interaction between PDH and TPP. Naito *et al*. reported two cases with E1α subunit gene defect, one of which was a 10-month-old boy with Leigh\'s disease, who showed *in vivo* (clinical) response to thiamine and *in vitro* response to TPP, however, the degree of clinical improvement was not elaborated.\[[@ref3]\] Similarly, most of the previously reported cases have demonstrated *in vitro* response but whether or not a persistent and significant clinical response is observed is unclear.\[[@ref3][@ref8]\]

Despite the improving course, the index child had a sudden unexpected demise. There could be many possible reasons for this. Abrupt unexplained apneic episodes secondary to brainstem dysfunction are a known feature of Leigh\'s disease. In addition, aspiration secondary to oropharyngeal incoordination or a cardiac arrhythmia cannot be conclusively excluded. We infer from our case that a subset of cases of Leigh\'s disease with underlying PDHA1 gene mutation show marked response with high dose thiamine supplementation. However, this response is mutation dependent and variable. Whether or not a sustained benefit occurs can only be deduced by a long-term follow-up of a large series of cases with a uniform treatment protocol.
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